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METHOD FOR OPERATING AN INTERNAL COMBUSTION ENGINE 
Background Information 

Methods are already known for operating an internal combustion engine in which 
fresh air is compressed and sent to an combustion engine of the internal combustion 
engine via a compressor. 

5 

Direct start is a special mode of operation for direct-injection internal combustion 
engines using the Otto method. Direct start is a start without using an auxiliary drive 
by injecting fuel into a cylinder whose intake and exhaust valves are closed and then 
igniting it by an ignition spark. The torque thus generated induces a movement of 

10 the crankshaft of the internal combustion engine, permitting combustion in other 
cylinders and thus ramping up the combustion engine. Rapid and quiet starting is 
advantageous for start-and-stop operation in particular, i.e., automated shutoff of the 
engine at red lights and the like. It is customary for the stationary vehicle to be 
recognized by a logic unit which shuts down the engine with the help of the existing 

1 5 controller when other conditions prevail, e.g., when disengaging the clutch, or when 
in neutral position in the case of an automatic transmission, and which automatically 
restarts the combustion engine with certain driver responses such as engaging the 
clutch. 

20 Summary Of The Invention 

The method according to the present invention has the advantage over the related 
art that when the combustion engine is coasting, the compressor is activated to fill at 
least one cylinder, which then comes to a standstill in a position suitable for a 
subsequent direct start. This makes it possible to ensure that the at least one 

25 cylinder will be filled with enough fresh air for the following direct start. This 
increases the reliability of the direct start. 

It is particularly advantageous if the compressor is driven independently of the 
internal combustion engine. This ensures that compression of the fresh air supplied, 
30 which is required for adequate filling of the at least one cylinder, may still be 
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achieved when the combustion engine is coasting, at which time a compressor such 
as an exhaust gas turbocharger that is driven as a function of the internal 
combustion engine is no longer delivering the required compressor output. 

5 Another advantage is obtained when an electrically operated supercharger is used 
as the compressor. This yields a compressor that is driven independently of the 
internal combustion engine in a particularly simple manner. 

It is particularly advantageous if the compressor is activated as a function of the 
10 engine speed of the internal combustion engine. This makes it possible to detect 
coasting of the combustion engine while also permitting a prediction to be made of 
how many revolutions the combustion engine will execute until it comes to a 
standstill. Activation of the compressor may thus be delayed as long as possible and 
energy savings are also possible. 

15 

An advantage is also obtained when the compressor is activated as a function of a 
crank angle of the internal combustion engine so that fresh air may be supplied to 
the at least one cylinder at least during the last opening of the intake valve of the at 
least one cylinder before the engine comes to a standstill. This permits even more 
20 precise adjustment of the use of the compressor, so that activation of the 

compressor may be limited to the minimum amount of time required. This results in 
additional energy savings. 

It is also advantageous if the compressor remains activated at least until the last 
25 closing of the intake valve and the exhaust valve of the at least one cylinder before 
the engine comes to a standstill. This ensures that the fresh air filling in the at least 
one cylinder will be maintained for a subsequent direct start. 

It is particularly advantageous if the compressor is activated as a function of a crank 
30 angle of the internal combustion engine so that fresh air may be added to the at 
least one cylinder at least during a last overlap of the opening of the intake valve 
and the exhaust valve of the at least one cylinder before the engine comes to a 
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standstill. It is thus possible to not only ensure filling of the at least one cylinder with 
fresh air for the subsequent direct start but also to prevent a backflow of residual gas 
from an exhaust line of the internal combustion engine into the combustion chamber 
of the at least one cylinder. This improves the ignition and combustion properties of 
5 the air/fuel mixture present in the combustion chamber of the at least one cylinder 
for a subsequent direct start. 

It is also advantageous if the compressor is triggered so that the combustion 
chamber of the at least one cylinder is filled with fresh air to the maximum extent 
10 after the last closing of the intake valve and the exhaust valve before the engine 
comes to a standstill. This optimizes the ignition and combustion properties of the 
air/fuel mixture present in the combustion chamber of the at least one cylinder for a 
subsequent direct start. 

1 5 Another advantage is obtained when the compressor is triggered so that a backflow 
of residual gas from an exhaust line of the internal combustion engine into the 
combustion chamber of the at least one cylinder is largely prevented. This also 
optimizes the ignition and combustion properties of the air/fuel mixture present in the 
combustion chamber of the at least one cylinder for a subsequent direct start. 

20 

Brief Description Of The Drawings 

Figure 1 shows a block diagram of an internal combustion engine. 

Figure 2 shows a flow chart for an exemplary sequence of the method according to 
25 the present invention. 

Detailed Description 

Figure 1 shows an internal combustion engine 1 of a motor vehicle, for example. 
Internal combustion engine 1 includes a combustion engine 10, which may be 
30 designed as an Otto engine or as a diesel engine, for example. It shall be assumed 
below as an example that combustion engine 10 is an Otto engine. Fresh air is 
supplied to Otto engine 10 through an air supply 45. A first compressor 5 is provided 
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in air supply 45 and is driven independently of internal combustion engine 1 . First 
compressor 5 may be driven electrically, for example, using an electric motor. It shall 
be assumed below as an example that first compressor 5 is driven electrically. As 
shown with broken lines in Figure 1, a second compressor 50 may optionally also be 
5 situated downstream from first compressor 5 in air supply 45 in the direction of flow 
of the fresh air, which is indicated with an arrow in Figure 1. Second compressor 50 
may be driven as a function of internal combustion engine 1. In the present example, 
second compressor 50 is driven by a turbine 85 in an exhaust line 35 via a shaft 90 
and therefore forms an exhaust turbocharger together with turbine 85 and shaft 90. 
10 Turbine 85 and shaft 90 are also optionally provided and are shown with broken 
lines in Figure 1. 

A throttle valve 40 for adjusting the mass air flow rate is situated in air supply 45 
downstream from second compressor 50 in the direction of flow of the fresh air. 

15 Fresh air is supplied to a combustion chamber 30 of at least one cylinder 15 of 
combustion engine 10 through an intake valve 20. Fuel may be supplied to 
combustion chamber 30 through a fuel injector 55. The air/fuel mixture reaching 
combustion chamber 30 in this way is ignited by a spark plug 60. A piston 65 of the 
at least one cylinder 15 is driven in this way and in turn drives a crankshaft 70 of 

20 internal combustion engine 1 in a manner with which those skilled in the art are 

familiar. A crank angle sensor 75 is provided in the area of combustion engine 10, 
detecting the instantaneous crank angle and relaying this information to a controller 
80, e.g., an engine controller, for further analysis. The exhaust gas formed by 
combustion of the air/fuel mixture in combustion chamber 30 is ejected through an 

25 exhaust valve 25 into exhaust line 35. The direction of flow of the exhaust gas is 
also marked by an arrow in Figure 1. 

Engine controller 80 controls the degree of opening of throttle valve 40 to adjust a 
desired mass air flow rate in air supply 45. Furthermore, engine controller 80 triggers 
30 fuel injector 55 to adjust a fuel mass to be injected, e.g., to achieve a preselected 
lambda value. Furthermore, engine controller 80 triggers spark plug 60 to set a 
preselected ignition time. In addition, engine controller 80 triggers intake valve 20 
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and exhaust valve 25 for setting preselected opening times and closing times as part 
of a fully variable valve control. Alternatively, the opening and closing of intake valve 
20 and exhaust valve 25 may each be accomplished by a camshaft which 
cooperates with the crankshaft in a manner with which those skilled in the art are 
5 familiar. Engine controller 80 also triggers the electric motor (not shown in Figure 1) 
of first compressor 5 to set a desired compressor output. Furthermore, in this 
example, engine controller 80 optionally triggers a waste gate of turbine 85 to 
regulate the compressor output of the exhaust turbocharger. 

10 The adjustment of the air flow rate, the quantity of fuel to be injected, and the 

ignition time help to implement a driver's desired torque as preselected via a gas 
pedal by a driver of the vehicle, for example. This torque may be further increased 
by compression by first compressor 5 and/or second compressor 50. 

15 In the case of a diesel engine, throttle valve 40 and spark plug 60 are not provided. 
Furthermore, internal combustion engine 10 may include one or more cylinders. 

Successful direct start requires a suitable shutdown of combustion engine 10. 
Shutdown includes the creation of a crankshaft position suitable for a direct start. A 

20 suitable crankshaft position is when the at least one cylinder of combustion engine 
10 comes to a standstill in a preferred position for a reliable direct start. Such a 
preferred position occurs when a cylinder in a working phase comes to a standstill 
approximately at a first preselected crank angle after top dead center. The cylinder 
may be used in this way for a direct start by injection with the combustion engine 

25 stopped and with the ignition stopped after successful formation of a fuel/air mixture 
in the working phase at a suitable first preselected crank angle after top dead center. 
The engine is then ramped up without operation of a starter. The preferred position 
may be achieved through suitable intervention measures by engine controller 80 in a 
manner with which those skilled in the art are familiar. 

30 

Supercharging is a known measure for increasing engine performance. A known 
method is to use an exhaust turbocharger as depicted in Figure 1 . The main 
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disadvantage here is the required minimum rotational speed of combustion engine 
10 which supplies the exhaust mass flow required for charging by the exhaust 
turbocharger. The required supercharging may be implemented by first compressor 
5, in this example the electrically operated supercharger, even for the operating 
5 range of internal combustion engine 1 in which the exhaust turbocharger may not be 
operated, i.e., below the minimum rotational speed. It is possible in this way for it to 
spontaneously achieve supercharging by first compressor 5 regardless of engine 
speed and thus the operating state of internal combustion engine 1 and therefore 
the turbohole problem, as it is called, is prevented. In normal driving, first 
10 compressor 5 is activated when the driver requires a high torque of combustion 

engine 10 and the exhaust turbocharger is unable to achieve a significant charging 
effect. 

According to the present invention, first compressor 5 is also activated when 

15 combustion engine 10 is coasting to permit a subsequent direct start. While engine 
10 is coasting, first compressor 5 is activated to fill the at least one cylinder 15, 
which comes to a standstill in a position suitable for the subsequent direct start, i.e., 
the preferred position described above. This makes it possible to ensure that the at 
least one cylinder 1 5 is filled with enough fresh air for the subsequent direct start to 

20 permit a successful direct start. First compressor 5 may be activated as a function of 
engine speed. Engine speed may be determined in engine controller 80 from the 
crank angle signal supplied by crank angle sensor 75 by derivation over time. On the 
basis of the engine speed, engine controller 80 is able to determine whether 
combustion engine 10 is coasting. To do so, engine controller 80 may, for example, 

25 check on whether the engine speed has fallen below a preselected threshold. The 
preselected threshold may be selected so that it is between an idling speed and 
zero. The preselected threshold is advantageously considerably below the idling 
speed to prevent erroneous detection of coasting of combustion engine 10. Thus if 
the engine speed falls below the preselected threshold, it may be assumed with 

30 great reliability that combustion engine 10 is coasting. Engine controller 80 may also 
determine the gradient of the engine speed over time and may determine from that 
how many revolutions the crankshaft will still execute before the engine comes to a 
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standstill. 

To fill the at least one cylinder 1 5 for the subsequent direct start, it is sufficient if first 
compressor 5 is activated for the last opening of intake valve 20 before the engine 
5 comes to a standstill. This makes it possible to save energy for operation of first 

compressor 5. If first compressor 5 is electrically driven, as in the present example, 
and the internal combustion engine drives a motor vehicle, then this makes it 
possible to minimize the load on the vehicle electrical system. First compressor 5 
may thus be activated as a function of the engine speed of internal combustion 
10 engine 1 so that its compressor output is increased at the latest with the last 
revolution of the crankshaft. 

Even more precise triggering of first compressor 5 is possible if first compressor 5 is 
also activated as a function of a crank angle of internal combustion engine 1 so that 

1 5 fresh air may be added to the at least one cylinder 1 5, which is to be brought to the 
preferred position described above for the subsequent direct start, at least during the 
last opening of intake valve 20 of the at least one cylinder 15 before the engine 
comes to a standstill. This is sufficient to prepare the at least one cylinder 15 for the 
subsequent direct start. First compressor 5 may also be activated before the last 

20 opening of intake valve 20 of the at least one cylinder 15 so that the at least one 

cylinder 15, i.e., its combustion chamber 30, is filled repeatedly with fresh air before 
the engine comes to a standstill. For the subsequent direct start, however, it is 
sufficient to activate first compressor 5 only for the last opening of intake valve 20 to 
create the filling of the at least one cylinder 1 5 which is necessary for the 

25 subsequent direct start. This makes it possible to minimize energy consumption for 
activation of first compressor 5. First compressor 5 is activated when engine 
controller 80 detects the crank angle at which intake valve 20 is opened for the last 
revolution of the crankshaft (derived from the engine speed) before the engine 
comes to a standstill, at which last revolution intake valve 20 of the at least one 

30 cylinder 15 is opened for the last time. First compressor 5 may also be activated 

shortly before opening intake valve 20 so that first compressor 5 is already ramped 
up to its desired compressor output on opening intake valve 20. 
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It is also advantageous if first compressor 5 remains activated at least until the last 
closing of intake valve 20 and exhaust valve 25 of the at least one cylinder 15 before 
the engine comes to a standstill! This ensures that the filling of the at least one 
cylinder 15, which is accomplished by the compressor output of first compressor 5, 
5 will also remain in the at least one cylinder 15, so the subsequent direct start is 
ensured. 

For the case when combustion engine 10 is operated with a chronological overlap of 
the opening of intake valve 20 and that of exhaust valve 25, it is also possible in an 

10 advantageous manner for first compressor 5 to be activated as a function of the 

crank angle of internal combustion engine 1, so that fresh air may be added to the at 
least one cylinder 15 at least during a last overlap of the opening of intake valve 20 
and that of exhaust valve 25 of the at least one cylinder 15 before the engine comes 
to a standstill. This makes it possible to ensure that backflow of residual gas out of 

15 exhaust line 35 into combustion chamber 30 is essentially prevented by the pressure 
built up by first compressor 5 on the side of air supply 45, referred to as the intake 
side, of combustion engine 10. First compressor 5 may already be activated before 
the last overlap of the opening of intake valve 20 and exhaust valve 25 of the at 
least one cylinder 15 to reliably prevent a backflow of residual gas. 

20 

For the case when the compressor output of first compressor 5 is variable and 
preselectable by engine controller 80, the filling of the at least one cylinder 1 5 and 
the prevention of backflow of residual gas may also be influenced quantitatively. The 
compressor output of first compressor 5 may be influenced by varying the rotational 

25 speed of the compressor, for example. In this example, engine controller 80 may 

trigger the electric motor of first compressor 5, so that a desired rotational speed of 
first compressor 5 is established to achieve a desired compression ratio via first 
compressor 5. Then a first engine characteristics map may be stored in engine 
controller 80, specifying, as a function of a maximum filling of the at least one 

30 cylinder 15 which is to be set, a rotational speed of first compressor 5 at which this 
maximum filling may be implemented in the at least one cylinder 15 when 
combustion engine 10 is coasting. The first engine characteristics map may be 
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applied on a test stand, for example. It may be sufficient if a compromise is made 
between the minimum possible rotational speed of first compressor 5 and the 
maximum possible filling of the at least one cylinder 15 sufficient for the subsequent 
direct start to minimize energy consumption of first compressor 5. In this way, first 
5 compressor 5 may be triggered by engine controller 80, so that combustion chamber 
30 of the at least one cylinder 1 5 is filled maximally or at least adequately with fresh 
air after the last closing of intake valve 20 and exhaust valve 25 and before the 
engine comes to a standstill. 

10 In addition, a second engine characteristics map may be stored in engine controller 
80, whereby as a function of a minimum residual gas quantity to be set in 
combustion chamber 30 of the at least one cylinder 1 5, a rotational speed of first 
compressor 5 at which this minimum residual gas quantity is implementable in the at 
least one cylinder 15 when combustion engine 10 is coasting is preselected. The 

15 minimum residual gas quantity may be selected so that it results in a negligible 
backflow of residual gas into combustion chamber 30. The second engine 
characteristics map may also be applied on a test stand, for example. Again, it may 
be sufficient if a compromise is made between the lowest possible rotational speed 
of first compressor 5 and the lowest possible residual gas quantity in combustion 

20 chamber 30 of the at least one cylinder 15 which is still sufficient for the subsequent 
direct start to minimize energy consumption by first compressor 5. In this way, first 
compressor 5 may be triggered by engine controller 80 so that a backflow of residual 
gas out of exhaust line 35 of internal combustion engine 1 into combustion chamber 
30 of the at least one cylinder 15 is largely prevented. 

25 

Removal of the residual gas is important to provide enough air filling for the first and 
second combustion in a direct start. Only the quantity of air enclosed in combustion 
chamber 30 of the at least one cylinder 1 5 after the last closing of intake valve 20 
and exhaust valve 25 is available for the first and second combustion of the direct 
30 start and thus essentially determines the torque generated and ultimately also the 
quality of the start. 
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Figure 2 shows a flow chart for an exemplary sequence of the method according to 
the present invention. After the start of the program, the engine speed is derived 
from the signal of crank angle sensor 75 by engine controller 80 at a program point 
100 in the manner described here. Then the program branches off to a program 
5 point 105. 

At program point 105, engine controller 80 checks on whether the engine speed thus 
determined is below the preselected threshold. If this is the case, then the program 
branches off to a program point 110; otherwise it branches back to program point 
10 100. 

At program point 110, engine controller 80 determines from the engine speed and its 
gradient over time the number of remaining revolutions of the crankshaft until the 
engine comes to a standstill. From the course of the crank angle itself, engine 

15 controller 80 determines the at least one cylinder 15 which will come to a standstill in 
the preferred position described above for a subsequent direct start and it 
determines the crank angle at which or shortly after which the at least one cylinder 
15 will have opened its intake valve 20 for the last time before the engine comes to a 
standstill and, if necessary, will have at the same time opened its exhaust valve 25. 

20 Then the program branches off to a program point 115. 

At program point 115, engine controller 80 determines on the basis of the signal of 
crank angle sensor 75 and the revolution of crankshaft 70 derived therefrom whether 
the crank angle, determined at program point 1 10, at which or shortly after which the 
25 at least one first cylinder 1 5 will have opened its intake valve 20 and, if necessary, at 
the same time its exhaust valve 25 for the last time before the engine comes to a 
standstill, exists. If this is the case, the system branches off to a program point 120; 
otherwise it branches off to a program point 135. 

30 At program point 120, engine controller 80 activates first compressor 5 and triggers it 
so that it is operated at a rotational speed which will result in maximum filling and a 
minimum residual gas level in combustion chamber 30 of the at least one cylinder 15 
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according to the first engine characteristics map and the second engine 
characteristics map. Then the program branches off to a program point 125. 

At program point 125, engine controller 80 checks on whether intake valve 20 and 
5 exhaust valve 25 have been closed for the last time, and it does so by analyzing the 
signal of crank angle sensor 75. If this is the case, it branches off to a program point 
130; otherwise it branches off to a program point 140. 

At program point 130, engine controller 80 deactivates first compressor 5. Then the 
10 program is terminated. 

At program point 135, engine controller 80 checks on whether the coasting of 
combustion engine 10 has been interrupted. If this is the case, then the program 
branches back to program point 100; otherwise it branches back to program point 

15 115. The check on whether the coasting of combustion engine 1 0 has been 

interrupted may be performed by having engine controller 80 check on whether the 
engine speed is increasing further or whether the idling speed or the preselected 
threshold has been exceeded again. If this is the case, it is then assumed that 
coasting of combustion engine 10 has been interrupted. Otherwise it is assumed 

20 that combustion engine 10 is still coasting. 

At program point 140, engine controller 80 checks, in the manner described with 
regard to program point 135, on whether the coasting of combustion engine 10 has 
been terminated. If this is the case, the program branches back to program point 
25 100; otherwise it branches back to program point 120. 



